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OUTLINE

 In this short course, we will address the following 
topics

 Two-phase flows hydrodynamics and pressure drop of 
evaporating and condensing flows

 Homogeneous Equilibrium Model

 Separated Flow Model

 Two-phase flows heat transfer and heat transfer coefficients 
predictions in evaporating and condensing flow

 Homogeneous Equilibrium Model

 Separated Flow Model

 This short course focuses on predictive methods for 
calculation of  two phase pressure drop and heat 
transfer 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 

CONDENSING FLOWS 

 One Dimensional Two Phase Flow

 Definitions of Two-Phase Flow Parameters

 Area

 Flow Rates
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Liquid and Gas Phase Velocity

 Volume and Area Based Void Fraction
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Flow Quality


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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Calculation of Void Fraction from Flow Quality
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Void fraction as a function of 

quality for different density 

ratios and slip factors
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Average Density and Specific Volume of Mixture 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Calculation of Average Density of Mixture
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Two Phase Flow Regime in a Heated Tube

 Let’s define the flow and thermodynamic quality 
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Attributes of 

thermodynamic quality

If h < hf xe<0
Subcooled Liquid
If h > hg  xe>1
Superheaterd Vapor
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

Homogeneous Two-Phase Equilibrium 

Model
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Homogeneous Two-Phase Equilibrium Model
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For the Homogeneous Equilibrium flow

S=1  x = xe for   0≤ xe ≤1  

x ≠ xe because of the superheated liquid layer near the wall

Assumptions
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Conservation Laws and the Laws of  

Thermodynamics
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Develop a Control Volume Formulation from system 

rate relations

 For any extensive property N representing mass, 

momentum, energy, entropy or angular momentum, 

 Then, for any extensive property

 The following is true…

14August 1-August 5, 2016TFAWS- 2016



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Select an arbitrary piece                                             
of fluid flowing at t=t0

 Die the piece in blue and                                           
take the shape of  this                                               
piece as the control                                            
volume which is fixed                                                   
in space
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 After ∆t, the system has moved to another point in 

space yet the control volume is still fixed in space.  

 Examining the control volume/system pair geometry 

at t0 and t0 + ∆t will result in the control volume 

description
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 At t=t0, the system is in 
the control volume.

 At t= t0 + ∆t, part of  the 
system is in the control 
volume 

 Three regions result.  
They are labeled as 
regions I, II, III
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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Identify the three 
regions

For region III-Integration over the 
subregions3

For region I-Integration over 
the sub-regions 1
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 This yields

 Since CSI and CSIII form the Control Volume Surface, the last two surface 

integrals combine into one integral namely,

 Reynolds Transport Theorem relates the rate of  change of  the extensive property N 

of  the system with the variation of  the property associated with the control volume
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Physical Interpretation
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 One Dimensional Conservation of  Mass, Momentum 

and Energy

 Conservation of Mass
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Conservation of Momentum
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Conservation of Energy
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Assumptions
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Neglect changes in kinetic and potential energy
Assume constant properties for individual phases
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Observations for adiabatic single phase and two phase 

flows 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

Solution
 Solve the conservation of mass and energy first to obtain the 

thermodynamic quality
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

Solution

 After quality is solved for, solve the momentum equation to 
obtain the pressure drop
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Solution
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-(hf-hi)
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Quality and thermodynamic quality 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Uniformly heated Circular Tube

 Finding the z location where the thermodynamic quality 

𝑥𝑒 = 0 𝑎𝑛𝑑 𝑥𝑒 = 1
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For a uniformly heated circular tube, find the axial location z at 
which 
xe=0 and xe=1
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Uniformly heated Circular Tube

 Finding  x(z), α(z), u(z)
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 



31August 1-August 5, 2016TFAWS- 2016

(a)  xe(z), xe,L
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Finding xe[z] and the 

z location where the 

thermodynamic 

quality 𝑥𝑒 =
0 𝑎𝑛𝑑 𝑥𝑒 = 1

 Finding xe[L] 

 Finding x[z] based 

on xe[z], and finding 

x'[z]
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Pressure Drop in Two Phase Homogeneous 

Equilibrium Model

 Solving for –dP/dz
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Frictional Pressure 

Drop

 Follow  along the 
line of a single fluid

 fTP stands for the 

friction coefficient 

for two phase

 Acceleration Pressure 

Drop

 Pressure Drop due to 

Gravity
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Observations
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Pressure drop increases drastically with vapor 
formation

For Adiabatic Flows (meaning no phase 
transition, dx/dz=0 which implies that -
dP/dz|A=0

For horizontal flows, gravity induced pressure 
drop 
-dP/dz|G=0

Adiabatic horizontal flows are used to determine the frictional 

gradient from measurement of  the total pressure gradient
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Two-phase Friction Factor

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 36

fTP

Two phase 

friction factor
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Pressure Drop Calculations/Constant Two-Phase Friction 

Factor

 Pressure Drop Calculations/Using Two-Phase Viscosity 

Models
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 



38August 1-August 5, 2016TFAWS- 2016



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

 Total Two Phase Pressure Drop

 Total Pressure Drop
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

Example Problem
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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 Cases Using the Homogenous Equilibrium Model
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 
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HYDRODYNAMICS AND PRESSURE DROP IN TWO-PHASE EVAPORATING AND 
CONDENSING FLOWS 

Pressure Drop in Separated Flows

Slip Flow Model 
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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Martinelli-Nelson Method for Separated Flow Pressure Drop

∆𝑃 =  −
𝑑𝑝

𝑑𝑧
𝑖

= ∆𝑝𝐹 + ∆𝑝𝐴 + ∆𝑝𝐺



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

59

TWO-PHASE SEPARATED FLOWS-SLIP FLOW MODEL
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PRESSURE DROP IN SEPARATED FLOWS

Pressure Drop in Separated Flows

Lockhart-Martinelli's Approach for Adiabatic Flows
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PRESSURE DROP IN SEPARATED FLOWS
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Laminar 16 1

Turbulent .046 .2
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS

August 4-August 8, 2014TFAWS- 2014, Cleveland OH 64



NASA-Glenn Research Center Fluid Systems and Cryogenics g Fluids and Transport Processes

PRESSURE DROP IN SEPARATED FLOWS

Pressure Drop in Separated Flows

SFM with Mudawar's Universal Evaporating Flows 

Correlation
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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PRESSURE DROP IN SEPARATED FLOWS
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